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Cinematic Worlds in Color. Technology, Aesthetics, Analysis 
Barbara Flueckiger 
University of Zurich 
Introduction 
Colors add an immediate and emotionally charged dimension to films. Its 
significance has often been underestimated in the past. Starting in the mid-1990s an 
increasing number of scholarly publications have appeared, including Jacques 
Aumont’s seminal book in France (Aumont 1995), Dall’Asta et al. in Italy (1995) and 
Hertogs / de Klerk in the Netherlands (Hertogs et al. 1996) on color in silent film, 
followed in English by Dalle Vacche/Price (2006), Wendy Everett (2007), Scott 
Higgins (2007), Raphaëlle Costa de Beauregard (2009), Richard Misek (2010), Paul 
Coates (2011), and several important publications by Sarah Street (Street 2009, Brown 
et al. 2012, Brown et al. 2013) and Joshua Yumibe (2012 and Street / Yumibe 2019), in 
German Susanne Marschall (2005) and Christine N. Brinckmann (2014, in English 
2015), and in journals including issues of Film History (2000 and 2009) and of 1895 
(2014).  
However, these investigations rarely considered an interdisciplinary approach that 
combines deep investigations of film color technology and material analysis with 
systematic investigations into color film aesthetics and narrative patterns including 
the cultural context on a large scale.  
In this paper such an interdisciplinary approach will be presented based on several 
research projects that have been established and executed in the last few years by the 
author and her research teams. 
The most important foundation of this research is the Timeline of Historical Film Colors 
http://zauberklang.ch/filmcolors/, a comprehensive interactive web resource on 
the history, technology, aesthetics, restoration and scientific analysis of film colors. 
The Timeline contains hundreds of primary and secondary papers, selected analyses, 
patents, reports of film restorations, colorimetric measurements and – most 
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importantly – over 20.000 photographs of historical film prints and negatives, 
captured in film archives, in Europe, the United States and Japan. 
Technology 
The technobole approach, based on an essay by Frank Beau (2001) and elaborated by 
the present author in various research projects, combines a humanities approach to 
film aesthetics with a deep investigation into the technical foundations. It takes 
epistemological factors and cultural contexts for the formation of technologies into 
account and considers the fact that technology emerges in a network of scientific 
insights and broader trends in a given period and society. Currently the cultural 
perspective is being extended further by Noemi Daugaard and Josephine Diecke 
(Daugaard / Diecke 2019) with reference to the social construction of technology 
(SCOT) (Bijker et al. 1987) that proposes a network of interactions between societal 
needs and technical innovation. In addition, their research takes discourse analysis 
and hegemonic structures in the distribution of power into account.  
Since the invention of cinema there has been a quest for technical solutions to 
introduce color into film. During the first three decades of cinema, applied colors 
such as tinting, toning, hand and stencil coloring were the norm. In these technical 
approaches color was added to each black and white print individually. While these 
colors survived on the historical nitrate film prints in archives, later prints of these 
films were produced on safety film stock in black and white when nitrate films were 
prohibited due to their combustibility. As a result, later generations of viewers lost 
the memory of films’ colored past and perceived these early films in black and white.  
From the perspective of a theory of representation, applied colors produce 
autonomous colors with no direct link to the worlds they depict. As in paintings, the 
colors follow the artistic liberty of choices taken by the colorists, by directors or 
production companies, choices that are usually not documented nor attributed to 
individuals in the sense of artistic intentions. Tinting and toning color temporal 
segments in monochrome or—in the case of their combination—into bi-chrome color 
schemes through immersion into chemical baths. For tinting, these baths contained 
organic dyes that colored the emulsion of the film uniformly. Such tinting can be 
identified by the colored brighter parts of the film image and most importantly by 
the coloring of the perforation area. Toning by contrast is the complementary 
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Analysis 
There are several ways in which the research team performs aesthetic and material 
analysis of film colors.  
At the core of the methods applied in the ERC Advanced Grant Film Colors there is a 
computer-assisted workflow that combines manual video annotation and analysis 
performed with a controlled vocabulary and a set of relational databases with deep 
learning tools (Flueckiger et al. 2017, Flueckiger 2017, Flueckiger / Halter 2018, 
Halter et al. 2019 [in press]). 
It is based on neo-formalist film analysis and historical poetics as introduced by 
Kristin Thompson (1988) and David Bordwell (1989). The analysis aims at 
identifying shifting aesthetic patterns in a large corpus of 400 films produced 
between 1895 and 1995 to gain a deep understanding of the relationship between 
film color technology and aesthetics. The method will be presented in more detail in 
the next paragraph. 
A second approach targets the material analysis and documentation of historical color 
film stocks. This type of investigation is executed by Giorgio Trumpy and combines 
spectrophotometry with multi-spectral imaging, colorimetry and image processing 
(Trumpy / Flueckiger 2018 and 2019). On the one hand, such measurements aim at 
the identification of historical film prints. Therefore, the results of these 
measurements are included in the Timeline of Historical Film Colors to enable film 
archivists and restorers to do their assessments based on this information. On the 
other hand, such material analysis is an important part in understanding material-
aesthetic properties based on scientific insights about material composition and 
physical properties. Finally, these investigations provide important basic research 
for the digitization and restoration of analog film materials, most importantly faded 
chromogenic stocks.  
Video Annotation and Computer-assisted Analysis 
Digital methods in humanities, in short digital humanities, are increasingly applied 
for the investigation of art works, although linguistic analysis remains the main 
application area of digital tools for research in the humanities. In general, digital 
humanities approaches remain sparse in the field of audio-visual analysis and even 
 more s
2018, O
that ne
also mu
Severa
Giunti 
abando
Advan
annota
segmen
althoug
becaus
the Un
Pajarol
analysi
In the e
annota
were t
control
All the
inform
databa
massiv
17,000 
o when a
lesen 201
ed human
ch more d
l video an
2014, Flu
ned after 
ced Gran
tion tool, 
tation of 
h highly s
e it was in
iversity o
a, team m
s tool VIA
Figure 18 Scr
stablished
tion tool a
hen impo
led vocabu
 concepts 
ation was
ses were c
e amount 
segments,
esthetic in
6 for overv
 interventi
ata-intens
notation t
eckiger 20
the end o
t FilmColo
ELAN (ht
the films t
ophisticat
itially cre
f Zurich’s
ember G
N (Flueck
eenshot of the v
 workflow
ccording 
rted into
lary that 
were defi
 listed in
onnected 
of data re
 170,000 
vestigatio
iews). No
on to prod
ive than t
ools were 
17, Melga
f research
rs started
tps://tla.m
o be analy
ed, did no
ated for sp
 Visualiza
audenz H
iger / Hal
ideo annotatio
, first the
to the con
 an analy
consisted 
ned and il
 a corpu
with each
sulted from
screenshot
30 
ns come i
t only are
uce mean
ext or still 
establishe
r et al. 2
 projects, 
. The tea
pi.nl/too
zed. Soon
t cover es
eech anal
tion and 
alter de
ter 2018, H
n and colorime
 films wer
sistency o
sis datab
of 1,200 ite
lustrated 
s databas
 other in 
 these an
s and mo
nto play (
 these com
ingful resu
images.  
d in the p
018). How
creating a
m set ou
ls/tla-too
 it became
sential nee
ysis. Ther
MultiMed
veloped t
alter et al.
try in VIAN, d
e tempora
f color sc
ase and 
ms includ
in a gloss
e. As me
a relation
alyses of 
re than 5
see Stutz 
plex area
lts, but m
ast (see G
ever, man
 slump in
t with an
ls/elan/), 
 obvious t
ds of audi
efore, in c
ia Lab (V
he visual 
 2019 [in p
eveloped by Ga
lly segme
hemes. Th
manually 
ing the de
ary databa
ntioned 
al databas
a corpus o
00,000 sum
2017, Hef
s of invest
oving ima
ruber et a
y of them
 2015 whe
 existing
for the te
hat this so
o-visual a
ollaboratio
MML) of 
annotatio
ress]). 
udenz Halter. 
nted in th
e resultin
annotated
scription o
se. Filmog
earlier, al
e architec
f 414 film
mations
tberger 
igation 
ges are 
l. 2009, 
 were 
n ERC 
 video 
mporal 
ftware, 
nalyses 
n with 
Renato 
n and 
 
e video 
g data 
 by a 
f hues. 
raphic 
l these 
ture. A 
s, with 
. These 
31 
 
database structures and results are now implemented in VIAN for the evaluation 
and visualization of the data. 
Figure–Ground Separation with Deep Learning Tools 
Relationships between characters and their environment are one of the most 
significant and persistent topics for the analysis of film color aesthetics, predated by 
considerations of these relationships in art history at the fin-de-siècle and in the early 
20th century, for instance in the works of Adolf Hildebrand or Alois Riegl 
(Schweinitz 2016). Color attribution, color relationships as discussed in section Color 
Schemes and Color Contrasts, image composition and lighting form the basis of 
corresponding aesthetic features to create spatial impressions in two-dimensional 
representations in images and films. Movement is an additional time-and-space-
related parameter that moderates figure–ground relationships and their 
choreography in mise-en-scène. 
Therefore, one of the fundamental features of VIAN is the automatic extraction of 
characters from the background. Early in 2017, the research team set out to establish 
deep learning tools for this task (Flueckiger et al. 2017), based on the object 
recognition software YOLO (Redmon et al. 2015). YOLO creates bounding boxes 
around the identified characters and objects and labels them verbally. In the pipeline 
programmed by Noyan Evirgen it was connected to a depth estimation algorithm 
(Ha 2016) to extract the characters aided by GrabCut (Rother et al. 2004).  
Confronted with the large dataset of the results, this pipeline proved to be too slow. 
Therefore Gaudenz Halter resorted to semantic segmentation (Zhao et al. 2016) that 
also provides subsegmentation of characters to analyze costumes, hair and skin 
tones. Skin tones are of particular interest in the analysis of films, because film color 
technologies have always been calibrated in such a way as to render, in particular, 
the Caucasian complexion of female protagonists in a convincing way (Dyer 1997). 
Visualization 
In addition to the database analysis a large range of visualization methods were 
developed to produce insights in non-verbal diagrammatic representations. In the 
past, different visualization methods for films and artworks were established, see for 
instance the approaches by Lev Manovich (2012 and 2015), Everardo Reyes-García 
(2014, 2017), Lindsay M. King and Peter S. Leonard (2017). Frederic Brodbeck (2011) 
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All of the methods are increasingly not only integrated in the VIAN software but are 
also becoming part of the VIAN WebApp. This interactive online portal is currently 
in development by Silas Weber and again Gaudenz Halter. It enables external users 
to work with the tools and to upload the results to the WebApp where they are 
processed by cloud computing to create the visualizations established in VIAN. In 
fall 2019 there will be an exhibition about film colors at the Fotomuseum Winterthur. 
An additional app is being programmed for this exhibition that connects the exhibits 
to the Timeline of Historical Film Colors and to visualizations created in VIAN. Thus an 
ever-growing FilmColors ecosystem is evolving. 
All these methods of analysis and visualization are developed with film colors as a 
test bed. Further film-related research questions and plug-ins can be easily 
integrated into VIAN. 
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